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RESEARCH MEMORANDUM

AERODYNAMIC CEHARACTERISTICS OF A WING WITH
QUARTER-CHORD LINE SWEPT BACK 45°, ASPECT RATIO 6, TAPER

RATTO 0.6, AND NACA 65A009 ATRFOIL. SECTION

TRANSONIC—-BUMFP METHOD

By Kemneth P. Spreemann, Willlam D. Morrison, Jr.,
eand Thomas B. Pasteur, dJr.

SUMMARY.

Ag part of a tremsonic resesrch program, a serles of wings are being
investigated in the ILangley high—speed T— by 10-FLoot tunnel over a Mach
number range of approximately 0.60 to 1.18 by use of the transonic—bump
test technique.

This paper presents the results of the Investigation of a wing—
alone and wing-—fuselage conflguratlions employirg a wing with the
quarter—chord line swept back 45°, aspect ratio 6, taper ratio 0.6, and
an NACA 65A009 airfoll section. ILift, drag, pltching moment, and root
bending moment were obtalned for these configurations. In addition, ’
effective downwash angles and dynamic—pressure characterlstics in the
region of probable tall locations were obtalned for these configura.‘bions
and are presented for & range of tall helghits at one tell length.

INTRODUCTICN

A serles of wings are belng investigated In the ILangley high-—speed
T— by 10—foot tunnel to study the effects of wing gecmetry on the wing—
alone end wing—fuselage longltudinel stability characteristics at tran—
sonic speeds. For correlabtlon purposes the seme fuselage ls being used
for all wings tested. A Mach number range between 0.60 and 1.18 is
obtained by use of the transonic—bump technigue.
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This paper presents the results of the investigation of the wing—
alone and wing—fuselage configuraticns employing a wing with the .
quarter—chord line swept back 45°, aspect ratio 6, taper ratio 0.6, end
an NACA 65A009 airfoil section parallel to the alr stream. In order to
oxpedite the publlshing of these data, cnly a brlef enalysis 1s included.
Previocus date published in this series for wings incorporating 45° sweop—
back can be obtained In references 1 to 3.

MODETL, AND APPARATUS

The wing of the semispan model had 45° of sweepback referred to the
quarter—chord line, aspect ratlio 6, taper ratio 0.6],? and an NACA 65A009
airfoll section parallel to the free sbream. A two—vilew drawing of the
model 1s presented in flgure 1 and ordinates. of the fuselage of actual
fineness ratio 10 (and basic fineness ratio 12) are glven in table I.
The wing was made of berylliium copper and the fusblage, of brass.

The model was mounted on an electrical straln-gage balance enclosed
in the bump. The 1lift, drag, pltching moment, and root bending mcment
were moasured with the ald of gelvanometers. The angle of attack was
measured by meens of a slide—wire potentiometer and recorded with the
ald of a galvanometer.

Effective downwash angles were determined for a range of tail
helghts, at a representative tall length of 86 percemt of the semispan,
by measuring the floating angles of flive geametrically similar Ffree—
floating talls with the ald of calibrated sllde—wire potentiometers. .
Detalls of the floating talls are shown In figures 2 and 3 and a.photo—
greph cof the model an the bump with three of the floating tails is shown
as figure 4, The tails used in this investigation were the same as those
uged in references 1 to 3. A pictorlial vlew showlng the sponge—wiper
geal installed on the model 1s glven.as figure 5.

A tobal-pressure rake was used to determine point dynemic—pressure
ratios foxr a range of tall heights 1n a plane which contalned the
25-percent msan—eerodynemic—chord polnt of the free—floatling talls. The
total—pressure tubes were spaced 0.125 inch apart for a distance of
1.0 inch below and 0.5 inch sbove the wing chord plane extended (a = 0°)
and 0.25 inch apart over the remasinder of the rake.
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COEFFICIERT ARD SIMBOLS

co semlspan 1if'b)

11ft cosfPicient (T“i
: o5

ce semispan dra.g)

Twl
drag coefflclent (
asS

~ pltching-moment coefflclient referred to 0.25C

Twice semlspen pitching moment\
qsSE

bending-moment coefficlent at plane of symmetry
Root bending moment

b
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q

effective dynamlc pressure over span of model, pounds
per square foot (-Jé'- pve)

average chordwlse locel dynemic pressure

twlce wing area of semispan model, 0.125 square foot

meen serodynemic chord of wing, 0.147 foot; based on
/2
relationship % c2dy (using theorsetical tip)
o

mean aerodynamic chord of tall, 0.0667 foot

local wing chord
twice span of semispan model, 0.866 foot
spanwise distance from plane of symmetry

air density, slugs per cublc foob
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free—stream velocity, feet per second

effective Mach nuwber over span of model

My local Mach -number

M, average chordwise local Mach number

R Reynolds number of wing based on ¢

a angle of attack, relative to the wing chord line, degrees
€ effective downwash angle, degrees

Qwake

ratio of poilnt dynamic pressure, taken along a line
q cantaining quarter—chord points of mean aerodynamic
chords of free—floasting talls, to local free—atream

dynamic pressure

lateral center of pressure, percent semispan (100 CB[CL)

hy tall helght relative to wing chord plane extended,
percent wing semispan; positive for tail positlions
above wlng chord plene extended

TESTS

The tests were conducted 1n the Langley high—epeed T— by 10—Foot
tunnel utilizing an adapbation of the NACA wing-flow technigue for
obtaining transonic speeds. Thls technligue iInvolves the mounting of a
model in the high—velocity flow fleld gemerated over the curved surface
of a bump located on the tunnel floor .(reference k).

Typlcal contours of local Mach number in the vicinlty of the model -
location on the bump, obtalned from surveys with no model in position,
are shown in figure 6. It is seen that there 1s a Mach mumber variation
of sbout 0.05 over the model semispan at the lowest Mach numbers and
from 0.08 to 0.09 at the highest Mach mumbers. The chordwise Mach mumber
variatlon 1s generally less than C,0l. No attempt has been made to
evaluate the effects of the chardwise and spanwlse Mach number varlatiome,
The long-dashed lines near the root of the wing (fig. 6) represent a
local Mach number that is 5 percent below the maximum value and indicate

o
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the extent of the bump bowmdsry lsyer. The effective test Mach mumber
wae obtained from conmbour cherts similar to those presented in figure 6

uging the relationship
b/2
M=£ oM, dy
0

Similarly the effectlive dynamic pressure was determined from dynamic—
pressure contour charts by using the relatlon

b /2
cqgy dy

ol
]
min

The vearilation of mean test Reynolds mmnber with Msch nmumber 1s
shown in figure 7. The boundaries on the figure Indicate the range In
Reynolds mummber caused by variations in atmospheric test conditions in
the course of the investigatiom.

Force and moment data, effective downwash angles, and the ratio of
dynamic pressure at 25 percent of the tall mean serodynamic chord to
free—stream dynamic pressure were obtained for the model conflgurations
tested through a Mach number range of 0.60 to 1.18 and an angle—of—
ettack range of ~4° to 10°.

The end—plate tare correctioms to the drag and to the downwash data
were obbained through the test Mach mumber range at an angle of attack
of O° by testing the model canfiguretions without end plates. The
results of the end—plate tares of previous Ilnvestigatlons were found to
be constant wlth angle of attack and the teres obtained at zero engle of
attack In the present investigetlon were applled to all drag and down—
wash data. No end-plate tare corrections were applied Ho the bending
moments. A gap of about 1/16 inch was maintained between the wing root
chord and the bump surface and a sponge-wilper seal (fig. 5) was fastened
to the wing butt beneath the surface of the bump to minimize leakags.
Jet—-boundary correctlions have not been evaluated because +the boundary
conditions to be satisfled are not rigorously defined. However, inas—
mich as the effectlive flow fleld 1is large compared with the span and
chord of the model the corrections are believed to be small., No base
pressure correction has been applied to the wing—fuselage drag data.
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By measuring tall floating sngles without a model installed 1t
was determined that a tail spacing of 2 inches would produce negliglible
interference effects of reflected shock waves an the tall floating
angles. Downwash angles for the wing-alone canfiguration were there—
fore obtained simultaneously for the middle, highest, and lowest tail
poaitions in cne series of tests and simnltansously for the two inter—
modiate poslticns in succeeding runs. Excluding the middle tall, the
same procedure was used to determine the effectlive downwash engles for
the wing—fuselage configuration. In order to obtain downwash data for
the chord—plenc—extended position, a series of tests were made with a
free—floating taill mounted an the center line of the fuselage. The
downwash sngles presented are Incremente fram the tall floating angles
without the model Installed. It should be noted that ths floating angles
moasured are in reallty a meassure of the angle of zero pltching moment
about the tall-pivot axis rather than the angle of zero 1ift. Inasmuch
a8 a spenwise gradient would introduce errors in the measured downwash
angle, 1t has been estimated that for this tall arrangement s linear
downwash gradient as large as 2° across the span of the teill will result
in an error of 0.2°.

The total-pressure readings in the tall plane were cbtained at
constant angles of attack through the Mach mumber range without an
end plate on the model to eliminate end—plate wekes and with the support
strut gap sealed with a rubber—sponge type of seal to minimize strut
leakage effects. The static—pressure wvalues uwsed In camputing dynemic—
pressure retlos were obtalned by use of a s'ba'bic probe without a model
in position. .

RESULTS AND DISCUSSICN

A list of the figures presenting the results follows:

Figure
Wing-alone force data .« « « o o o o o o« ¢ ¢ s o s o 0 o o o o o 8
Wing—fuselage force data . . . . . ¢ 6 % o a4 o s e & 8 s & 9
Effective downwash engles (wing alane) e e e e e s s e e e e e 10
Effective downwash angles (wing Fuselage) .« « « o « o « o o o o 11
Downwash gradientis o« o« ¢ o o o ¢ o « o o o o s o s s s ¢ ¢ o o & 12
Dynamic—pressure BULTOYS « o o o o o s 5 s ¢ o o o o o a o o & @ 13
Surmary of aerodynamic characterlistics + ¢ ¢ « o« o« o o « ¢ o o & 1k

Unless otherwise noted, the discussion 1is based on the sumary
curves presented in figure 14k. The slopes presented in this figure
have beem averaged over a lift-coefficient range of x0.1 of the speci-
fied 1ift coefficient.
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Lift and Drag Characterlstics

The wing-alons lift—curve elope (BGLI Ba.)M measured near zero 1ift

was about 0.057 at a Mach number of 0.60. Thils slope compared with a
value ‘of 0.062 estimated for thils Mach number using the low—speed data

of reference 5 (R = 1.5 X 1% to 6.0 x 106) for a 6-percent—thick wing
of identlcal plan form applying the three—dimemsional Prandtl—-Glauert
corrsction to account for the compressibillity effects. The lift—curve
slope was practicelly invarisnt wlth Mach number below force break and
was about the same as the results of a 6—percemnt—thick wing of identical
plan form reported In reference 3 up to M = 0.95 and above M = 1.06.
However, between M = 0.95 and 1.06 +the lift—curve slope was appre—
clably less for the 9—percent—thick wing of the present Investigation.
The addition of the fuselsge Increased the lift—curve elope approxi—
mately 0.007 throughout the test Mach number range.

At a Mach number of 1.10 the drag coefficient for the wing elone
at Cp = 0 end 0.k was 0.032 and 0.068, respectively (see fig. 8).

Corresponding values of Cp of 0.022 end 0.042 obteined from refer—

ence 3 clearly indicabte the valus of decreasing the wing thickness on
the performance characteristics at supersomlic speeds.

The latersl center of pressure Yep for the wing alone was locabed

at ebout 45 percemt of the semispan between Mach mumbers of 0.60 end 0.90
at 1ift coefficlents below 0.2 (see fig. 8). The same value of Yep

was obtained for the 6-percemt—~thick wing at low speeds and higher
Reynolds numbers (reference 5) and throughout the subsonic speed range
at the sames Reynolds number (reference 3). For Mach numbers neasr 1.0
and at low 11ft coefficlents the center of pressure moved inboard
appreciasbly (see filgs. 8 and 1Lk). This shift of Yop Was probably due

to flow separation at the wing tip. In the low Mach number range the
addition of the fuselage hed no effect on the latersl center of pressure,
but et Mach numbers near 1.0 the magnitude of the over—all movement was
appreciably reduced.

Pitching-Moment Charecteristics

Near zeroc 1ift the wing—elone asrodynamic center (BCﬁ/BCL)M was

located on or near the guarter-chord polnt of the mean serodynsmic chord
up to a Mach number of 0.90. Thils compared favorebly wlth the value

obtained at low speeds and high Reynolds number for the 6~percent~thick
wing with identical plan form of reference 5 but was about 14 percent of
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the mean serocdynamic chord farther forward than the vaelue obtained fram
the transonic—bump investigation of the 6—percent—thick wing. (See
reference 3.) Tnasmuch as the lateral cemter of pressure was shown to.
be Independent of wing thickness at Mach numbers below 0.90, the large
aerodynamic—center difference may be attributable to a more rearwerd
chordwlse center—of—presesure location for the thinner wing at low
Reynolds number which, In turn, may have been occasloned by leading-edge
separation. _ . .

In the Mach mumber range between 0,95 end 1.15 the aforementioned
losgs of loading at the wing tip for low 1ift coefficlents produced a
large unsteble movement In the wing serodynamic center. There was no
such effect observed for the 6—percent—thick wing of reference 3. As
previocously stated, the addition of the fuselage reduced the loading
chenges at high Mach numbers and this was reflected In the smaller
aerodynamic-center chsnge for the high Mach number range.

In the subsonic speed range, the wing-salone end the wing-—fuselage
pitching-moment curves indlicated appreclable instabllity at the higher
11ft coefficients, but at the higher Mach numbers no instability was
obtelned for the range of 1lift coefficilents tested. (See figs. 8 and 9.)
A comperison of these date with those of reference 3 indicates that wing—
thickness changes di1d not substantially alter the pltching-moment charac—
teristlcs at higher 1ift coefficlents.

Downwessh and Dynamic Pressure

The downwash gradients Bel da, near zero lift for both wing-elone
M

and wing—fuselage configurations were practically the same for all tell
helghts investigated up to sbout M = 0.85. (See figs. 12 and 1k4.)
Above this Mach number the values of (BGI Bcr.)M for both wing-alone and

wing-fuselage conflguretions were greatest for a tall helght near the
wing chord plane extended (zero tall height). The downwash gradilents
for the 9-percent-thick wing are similar to those of the 6—percemt—thick
wing of 1demtical plan form (reference 3) » perticularly at Mach numbers
below 0.85. For Mach numbers above 0.85 the thicker wing created higher
downwash gradients In the vicinity of the chord plane extended.

The results of the point-dynamic-pressure surveys (fig. 13} showed
that for the wing slone there were no Important changes in the shape or
magnitude of the wake with Mach number and that the sddition of the
fuselage had practically no effect on the dynemic-pressure raetlos
throughout the Mach nuwber range investigated. For most of the Mach
numbers the wake losses (maximm of ebout 8 or 9 percent at the highest
Mach numbers) were about the same as those cbtalned for the thimmer
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wing (reference 3). However, for the highest Mach number and angles of
attack, the total wake losses were slightly greater for the F9—percent—
thick—wing conflguration of this investigatlon.

Langley Aeronautical Isboratory
National Advisory Comittee for Aerona.utics
Langley Alr Force Base, Va.
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TABIR I.- FUSBLAGE ORDINATES

Basic fineness ratio 12; sctual fineness ratio 10
achieved by cutting off the rear one-sixth of
the body; 8/l located at 1/2

s I=14.14" >
e 5 ] o

s
——
—

;/l rﬁ x/1 r/1

.005 00231 (]| JL500| 0L13
<0075 | 00298 || 5000 oOL167
0125 | .,004281| .5500{ .OL130
0250 | 00722|| .6000| .OLO2L
0500 | .01205|| .6500]| 03842
0750 | .01613|| .7000| .03562
.1000 | .01971}| .7500| .03128
«1500 | 02593 || .8000| 02526
«2000 | .03090|| .8333! .02083
«2500 | L03L65]|| 8500 .01852
«3000 | .03741]| .9000| .,01125

«3500 | 403933} .9500| .00L39
000 | 0L063 | 1.0000|0

L. B. radius = 0,00051

=< \\N_“Q 'c A‘ >

L.



F Tabulated Wing Data
Area (Twice semispan) Q25 sq ft
51096 Mean aeradynamic chord 0147 f#

Aspect ratfio 6
. AC _ Taper mtio 013)
02 Nl

Clearonce & centerline Divedral QCF

X al . Alrfoil section parallel to

! K- free stream NACA 654009
B o Centeriine of balance |
ump surface normal to bump surfoce 025 MAC,
07
18 ~ —
o | 2
rraioons]
Scale, inches

Wing-alone end plate (% thick) l 2.5()J \' Wing-fuselage end plate (s thick)

TNACAS”

Figure 1l.- General arrangement of a model with 450 gweptback wing, aspect ratio 6, taper ratio 0.6,

and NACA 654009 airfoil section.
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025¢c
025¢ —L;EO
7?3 i
7 ‘\‘1 L
.WW*R
Bump surface—

N Centeriine of balance

118 Maximum diameter End pl plate used with
\ ]_2 50 ﬁoarmg tail in fuselage

.

Scdle, inches

Figure 2.- Detalls of free-floating tall mounted in fuselage of a model with 45° swepthack wing, aspect
retio 6, taper ratio 0.6, and NACA 65A009 airfcil section.
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Flodﬁng-mﬂ geomeiry
Area (Twice semispan)  QOI78 sqft

BEOAOCT WY VOVN

Aspect rafio 40
Taper rdtio 060
Wing chord plane
exfended at OC=0°
' )
Q25¢ of m =i‘__
Secfion B-B
e | - .
Bump sun’uceg /lé-ﬂt Qe 0 f 2
) . . I
m : ) Scale , inches
# Diameter =7
’,f—P!vor center

Figure 3.- Details of free-floating tails used in surveys behind model with 45% sweptback wing, aspect

ratlio 6, taper ratio 0.6, and NACA 65A009 airfoil. A1l dimensions are in inches. &







Figure k.- Photograph of a model with 45° eweptback wing, aspect ratio 6, teper ratio 0.6, and
NACA 65A009 airfoil section mounted on the transonle bump showing free-floating tails.
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Figure 5.- Pictorial view showing the sponge-wiper seal ingtalled on the
model.
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Mach number, M

Figure 7.~ Variation of test Reynolds mmber with Mach mmber for a model with 45° aweptback wing,

aspect ratio 6, taper retlo 0.6, and NACA 65A009 airfoil section.
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